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Introduction:

The installation of tidal turbines or Tidal Energy Convertors (TEC) in specific site requires having a
good knowledge of the flow characteristics both in terms of velocity and turbulence. Variation of
velocity along the vertical could induce a cyclic variation of the load on the blades travelling
across several layers with different velocities, which could induce their fatigue. Also, a high loading
frequency induced by turbulence could increase the blade fatigue and damage the turbines.
Acoustic Doppler Current Profilers deployed at tidal sites permit to characterize the flows but very
locally. As stated by Thiébaut et al. (2020), turbulence intensity is of primary importance in the
location of the TEC. We study here the variability of the velocity and turbulence intensity profiles in
the Raz Blanchard, a tidal energy site located between the La Hague Cap and the Alderney
Island (Fig. 1).

Method:

We developed a Large Eddy Simulation (LES) model in TELEMAC (Bourgoin et al., 2019). It has been
embedded in a RANS (Reynolds Averaged Navier Stokes) model (Bourgoin et al., 2020) to simulate
the turbulent flow in the Raz Blanchard (Fig. 1). The model solved the LES equations in the study
zone ΩLES (with a refined mesh) of 1.8 x 2.5 km2 and the RANS equations outside of this area (Ω –
ΩLES, where Ω is the full computational domain). The numerical simulations have been validated
(Fig. 2) with ADCP data (Thiébaut et al., 2020) measured during the THYMOTE project. For the
present study, we applied the model to extract the velocity and turbulence intensity profiles in 8
locations, during flood (Fig. 3) and ebb (Fig. 4) peaks of a spring tide.

Results:

Fig. 1: Seabed elevation (with respect to the mean
sea level) and domain decomposition: Top left)
domain Ω; top right) location of ΩLES domain and
zone retained for the TEC pilot farm area (The Wshape red line represents the approximative limit
between the rock outcrops zone and the pebbles
zone); middle) bathymetry in ΩLES with the locations
of numerical probes. Point 1 corresponds to the
location of the ADCP. The points P2 to P8 correspond
to virtual sensors; bottom) South–North bathymetric
profiles passing by the points P3, P5, P8 (green), P2, P4
and P7 (blue), P1 and P6 (orange).

- The velocity and the turbulence intensity profiles significantly differ from a location to another.
- Some of them are typical of fully developed turbulent flows.
- The others present anomalies induced by specific turbulent processes, depending on the
local and upstream seabed morphology and roughness.
- The anomalies are different between flood and ebb tides.
- The characteristics of the seabed influencing the shape of the profiles are of the macroroughness, the slope, the rapid change of water depth bathymetry, the presence of big rocks
and dunes.
- The change of depth between the northern and the southern parts of the race has a greater
impact on the vertical flow reparation distribution during neap tide than during spring tide.

a)

Fig. 2: Vertical profiles of velocity magnitude and
turbulence intensity compared to ADCP measurements
(Thiébaut et al.(2020) during the 7 October 2017, at
flood peak.
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Fig. 3: Profiles of velocity magnitude and turbulence
intensity at flood peak at locations: a) P2, P4, P7; b) P1, P6;
c) P3, P5, P8. z is the distance to the bottom.

Fig. 4: Profiles of velocity magnitude and turbulence
intensity at ebb peak at locations: a) P2, P4, P7; b) P1,
P6; c) P3, P5, P8. z is the distance to the bottom.
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